Summary Chronic stroke survivors with low hip bone density are particularly prone to fractures. This study shows that fear of falling is independently associated with falls in this population. Thus, fear of falling should not be overlooked in the prevention of fragility fractures in these patients. Introduction Chronic stroke survivors with low bone mineral density (BMD) are particularly prone to fragility fractures. The purpose of this study was to identify the determinants of balance, mobility and falls in this subgroup of stroke patients. Methods Thirty-nine chronic stroke survivors with low hip BMD (T-score <−1.0) were studied. Each subject was evaluated for the following: balance, mobility, leg muscle strength, spasticity, and fall-related self-efficacy. Any falls in the past 12 months were also recorded. Multiple regression analysis was used to identify the determinants of balance and mobility performance, whereas logistic regression was used to identify the determinants of falls. Results Multiple regression analysis revealed that after adjusting for basic demographics, fall-related self-efficacy remained independently associated with balance/mobility performance (R 2 =0.494, P<0.001). Logistic regression showed that fall-related self-efficacy, but not balance and mobility performance, was a significant determinant of falls (odds ratio: 0.18, P=0.04). Conclusions Fall-related self-efficacy, but not mobility and balance performance, was the most important determinant of accidental falls. This psychological factor should not be overlooked in the prevention of fragility fractures among chronic stroke survivors with low hip BMD.
Introduction
Individuals with stroke sustain more than a twofold increase in fall risk when compared with the reference population [1] . Fall incidence values ranging from 2.0 to 15.9 per 1,000 person-days have been reported [2, 3] . Falls in the chronic stroke population have been associated with poor balance and mobility [4] [5] [6] . Stroke-related physical impairments, such as muscle weakness [7, 8] of the lower extremity and spasticity at the ankle [7] may contribute to deficits in balance and mobility performance.
In addition to physical impairments, psychological factors may also influence balance and mobility performance following stroke. One of the psychological factors that has received increasing attention is fall-related selfefficacy [9] [10] [11] [12] [13] [14] [15] . Fall-related self-efficacy refers to the level of confidence a person has in performing daily activities without falling or losing his/her balance [12] [13] [14] . Fallrelated self-efficacy can be evaluated by the Falls Efficacyvariable (presence of fear of falling: Yes/No) [10] . Fear of falling is a major psychological barrier that may lead to self-imposed activity avoidance [14] . Restricted activity may result in further physical deconditioning, deterioration of balance and mobility function, thereby contributing to more falls [9, 15, 16] . Indeed, strong associations of fear of falling with balance, mobility, and falls have been reported in older adults [15] [16] [17] . A previous prospective study in stroke reported a significant relationship between change in fall-related self-efficacy (measured by FES) and recovery in balance and mobility function within the first year poststroke, but no information on falls was provided [18] . A recent study also showed that among stroke survivors in subacute and chronic stage of recovery, a positive fall history is associated with less fall-related self-efficacy (measured by FES) [10] .
An accidental fall is the leading cause of bone fractures in the stroke population [19] . Fractures among stroke survivors are associated with devastating consequences, such as increased mortality [20, 21] and increased disability [21, 22] . Stroke survivors with low bone mass are particularly prone to bone fractures. Up until now, no antifracture effects have been shown with fall prevention strategies [23] . Nevertheless, understanding the mechanisms underlying falls in this high risk population could help to develop effective interventions to reduce falls, thereby improving the quality of life of these individuals. Successful prevention of accidental falls may also translate into substantial reduction of health care costs related to treatment of fractures, considering that the lifetime cost of hip fractures is estimated as $81,300 US in the general population [24] . To date, no study has examined the contributions of fall-related self-efficacy to performance in balance, mobility, and falls in stroke survivors with low bone mass. This is a particularly important population to study because of their high risk for fracture. We hypothesized that fall-related self-efficacy was independently associated with balance and mobility function and accidental falls in chronic stroke survivors with low hip BMD.
Methods

Subjects
The data were collected from community-dwelling individuals with chronic stroke in Vancouver, Canada. They were recruited through a local rehabilitation hospital database, local stroke clubs and newspaper advertisements. They fulfilled the following inclusion criteria: (1) had a single stroke with onset ≥ 1 year, (2) were independent in ambulation with or without an assistive device for at least 10 m, (3) were 50 years of age or older, (4) were living at home, (5) a Folstein Mini Mental Status Examination (MMSE) score ≥ 22 [25] , and (6) a femoral neck BMD Tscore <-1.0 as measured by dual-energy X-ray absorptiometry (DXA). Individuals were excluded from the study if they (1) had other neurological conditions in addition to stroke, (2) had unstable cardiovascular disease, or (3) had other serious diseases that precluded them from participating in the study. Relevant information of the subject (i.e., type of stroke, surgical history, co-morbid conditions) was provided by the primary care physician. Potential participants gave informed, written consent to participate in the study. The study was approved by local research ethics committees. The study was conducted according to the Helsinki Declaration for human experiments.
Measurements
Demographics
For all subjects, age and post-stroke duration were measured in years. Height (to the nearest millimeter) and weight (to the nearest 0.1 kg) was measured using the Health O Meter (Continental Scale Corp., Bridgeview, IL, USA). Habitual physical activity level was evaluated by Physical Activity Scale for Individuals with Physical Disabilities (PASIPD) [26] . It is a 13-item questionnaire that assesses participation in physical activities of different intensities for the previous 7 days based on recall. A metabolic equivalent (MET) value was assigned to each activity. The maximal score that could be obtained was 199.5MET hour/day. The femoral neck BMD on the paretic side was measured by dual-energy X-ray absorptiometry (DXA; Hologic QDR 4500, Hologic Inc., Waltham, MA, USA) and the associated T-score was derived. This skeletal site was selected as it is the most common site of fracture in the stroke population [19] .
Measures of balance and mobility
Berg Balance Scale Balance performance was assessed by Berg Balance Scale (BBS). It is a 14-item assessment tool which evaluates the ability to balance in a variety of postures. Each item was rated based on an ordinal scale from 0 to 4, with a higher score indicating better balance performance. The BBS has been shown to be a reliable tool to assess balance in persons with stroke [27] .
Timed up and go test The timed up and go test (TUG) [28] is a common tool to evaluate functional mobility in individuals with stroke [8] , participants were instructed to rise from a standard chair with arms, walk a distance of three meters, turn, walk back to the chair and sit down again. The time (in seconds) required to complete this task was measured by a stopwatch. The mean from two trials were computed and used for subsequent statistical analysis. Excellent reliability of the TUG has been demonstrated [intraclass correlation coefficient (ICC)> 0.95)] when used in the stroke population [8] .
Stair climbing time Subjects were instructed to walk up a four 18-cm steps with the option of using the railing as needed [29] . A stopwatch was used to record the time (in seconds) when both feet reached the top of the staircase. Two trials were performed and the data showed that this test has excellent intra-rater reliability (ICC=0.95). The mean from two trials was calculated and used for statistical analysis.
Six-minute-walk test (6MWT) Subjects were instructed to cover as much distance as they could around a 42-m rectangular path within 6 minutes [7] . The total distance walked was recorded. The 6MWT is a common outcome measure for evaluating ambulatory capacity in individuals with stroke and its reliability has been established [7] .
Falls Each subject was first asked whether they had had any falls in the past 12 months. Subjects were identified as "fallers" if any falls were reported. For fallers, the number of falls within the past 12 months and the circumstances surrounding the falls were recorded.
A fall was defined as coming to rest on the floor or another lower level but was not due to seizure, stroke or myocardial infarction, or an overwhelming displacing force [5] .
Leg muscle strength Hand-held dynamometry is a reliable method to measure leg muscle strength in stroke [30] and was used to evaluate isometric knee extension strength in this study (Nicholas MMT, Lafayette Instruments, Lafayette, IN, USA). With the subject sitting upright in a chair with back support and the knee placed in 90°flexion, a maximal isometric contraction of knee extension was performed by the subject while the thigh was stabilized by the assessor. Three trials were conducted on the paretic side. The force values obtained (Newtons) were averaged and then normalized by the subject's body weight (kg).
Spasticity Resistance to passive movements at the ankle on the paretic side was evaluated by the Modified Ashworth Scale (MAS) (0: no increase in muscle tone, 4: affected part rigid in flexion and extension). The MAS is a common tool used for evaluating muscle tone in individuals with stroke and its reliability has been established [31] .
Fall-related self-efficacy Fall-related self-efficacy was evaluated using the Activities-Specific Balance Confidence (ABC) scale (Appendix) [12, 13] . The scale consists of 16 functional activities, and the rating is based on a scale ranging from 0% (no confidence at all) to 100% (completely confident). Each participant was instructed to rate their level of confidence in performing each of the 16 activities without losing their balance or becoming unsteady (e.g., walking on a slope, walking in a shopping mall). The scores from all items were summed and then averaged to yield the mean ABC score. The ABC scale has been shown to have good internal consistency (Cronbach's alpha=0.94) and test-retest reliability (ICC=0.85) among individuals with stroke [32] . A score above 80 indicated a high level of balance confidence characteristic of those in community exercise programs [13] . On the other hand, a score <80 indicates deficits in fall-related self-efficacy [13] .
Statistical analysis
Descriptive statistics were used for relevant variables. Normality of data distribution was checked by using the Shapiro-Wilk Statistic. As BBS and TUG scores were not normally distributed, Spearman's rho was used to determine their degree of association with other variables of interest. Mann-Whitney U tests were used to compare the differences in variables of interest between fallers and non-fallers.
The four balance and mobility measures (i.e., BBS, TUG, Stair climbing time, 6MWT) were then entered into a principal component analysis (PCA). Eigenvalues were set to be greater than 1 in the analysis. PCA is one of the statistical techniques used for data reduction and is useful in summarizing relationships among variables in a concise manner [33] . For example, if only one principal component is extracted from the analysis, it indicates that the four measures of balance and mobility represent the same theoretical construct [33] .
First, a multiple linear regression analysis was performed to determine whether the ABC score had independent contributions to balance and mobility. In this regression model, the first principal component extracted from the PCA was the dependent variable. Then ABC scores were entered into the regression model after adjusting for age, gender, habitual physical activity level and other physiological variables (e.g., leg muscle strength) that had significant bivariate correlation with balance/mobility measures.
Logistic regression analyses were performed to identify the determinants of fallers (non-fallers=0, fallers=1). In the first model, we tested whether balance/mobility performance could determine fallers. The principal component extracted from PCA was entered into the regression model, after adjusting for age, gender, and habitual physical activity. In the second model, the subjects were categorized based on the cutoff ABC score (Group 1: ABC≤80, Group 2: ABC>80) [13] . This categorical variable was then entered into the model as an independent variable to determine fallers, after adjusting for age, gender and physical activity level. All data analyses were performed using SPSS 14.0. A significance level of 0.05 was set for all statistical tests.
Results
Subject characteristics
Thirty-nine subjects were included in the analysis. Subject characteristics are listed in Table 1 . The mean femoral neck BMD on the paretic side was 0.746±0.149 g/cm 2 , with 31 and eight subjects being diagnosed with osteopenia (−2.5< T<−1.0) and osteoporosis (T<−2.5), respectively. Nine subjects (23%) obtained a BBS score <45, indicating significant balance problems [27, 34] . Fourteen subjects (36%) had a TUG score > 13.5 seconds, indicating significant deficits in functional mobility [35] . The mean 6MWT distance was 323.2m, which was approximately 50-60% of age-matched values [36] . Twenty-two (56%) subjects obtained an ABC score <80, indicating a deficit in balance confidence [13] . Falls Seventeen (44%) subjects were identified as fallers. The characteristics of fallers and non-fallers are described in Table 1 . No significant difference was found between fallers and non-fallers in age (P=0.943), physical activity level (P=0.190), paretic leg muscle strength (P=0.315), spasticity (P=0.824), BBS score (P=0.102), TUG score (P=0.527), stair climbing time (P=0.571) and 6MWT distance (P=0.279). There was a trend for a higher ABC score among non-fallers than fallers (P=0.084). A total of 25 falls were reported. The minimum and maximum number of falls reported by the fallers was 1 and 4, respectively. Five subjects reported more than one fall within the past 12 months. The circumstances surrounding the fall incidents are summarized in Table 2 . A large proportion of falls occurred during walking (48%).
Relationship between balance/mobility performance and other variables Associations between each of the balance/mobility measures and other variables of interest are shown in Table 3 . Better fall-related self-efficacy (ABC scores) was significantly related to better balance (BBS score) (ρ=0.667, P< 
Principal component analysis
Only one principal component was extracted from the PCA, indicating that all four measures of balance and mobility represent the same theoretical construct [33] . The extracted principal component explained 83.6% of the total variance. Factor loadings (unrotated) for BBS score, TUG score, stair climbing time, and 6MWT distance were 0.901, −0.939, −0.887, and 0.929, respectively.
Multiple regression analyses
Age, gender, habitual physical activity level, and paretic leg muscle strength were first entered into the regression model ( 
Discussion
To our knowledge, this is the first study to demonstrate that fall-related self-efficacy, but not balance/mobility performance, is independently associated with falls in chronic stroke survivors with low hip BMD.
Contributions of fall-related self-efficacy to balance, mobility and falls
The results showed that fall-related self-efficacy, as measured by the ABC scale, is independently associated with balance and mobility performance in the studied population, accounting for more than 30% of the variance in balance and mobility performance. Our results also indicate that those with higher ABC scores (>80) are significantly less likely to fall than those with low ABC scores (≤80). The results are in agreement with previous studies in older adults which found that fear of falling is strongly associated with balance and mobility [13, 16, 17] , and accidental falls [37] . Although some previous studies showed a significant bivariate correlation between ABC score and various measures of balance and mobility (BBS, gait velocity, TUG, six-minute-walk test) [10, 11, 38] , and falls [10] in individuals with stroke, this study is unique in that all of our subjects were diagnosed with osteopenia or osteoporosis at the hip (T-score <−1.0). These individuals are especially prone to hip fractures (the most common type of bone fractures after stroke) due to their compromised bone health status [19] . Our findings may have particularly important clinical implications in terms of preventing fragility fractures within the chronic stroke population (will discuss below in the section on clinical implications).
It is intriguing that balance and mobility performance is not a significant determinant of falls in this study (Table 5 , model 1). This finding concurs with the study by Harris et al. [39] , which found that the BBS score or gait speed alone was unable to explain falls in community-dwelling people with chronic stroke. Specifically, they [39] found that those who had poor BBS scores and low gait velocity but used a wheelchair or walker for longer distances had a low risk for falls, whereas those with better BBS scores and higher gait velocity but used a cane for ambulation had a higher risk for falls. In another recent study using receiver operating characteristics (ROC) curve analysis, it is shown that fall-related self-efficacy, as measured by the FES, has superior ability to discriminate fallers and non-fallers in community-dwelling individuals with chronic stroke when compared with mobility and balance measures (BBS, TUG) [10] . Indeed, factors causing falls in the stroke population must be complex. The type of assistive device, exposure to risky situations, environmental conditions may all have an effect on falling. The complex relationship between falls and balance/mobility measures is also reflected in studies on post-stroke fractures. Melton III et al. [40] found that fracture risk in stroke is increased with moderate but not severe disability. The authors concluded that moderate physical impairment allows the patients to be independently mobile and therefore increase the exposure to risky situations and falls whereas those who are more severely impaired may have limited exposure to such fall-inducing situations [40] . However, the lack of a significant association between falls and balance/mobility measures (P=0.11, Table 5 ) in this study may be related to inadequate statistical power due to the small sample size. We cannot rule out the possibility that a significant association between falls and balance/mobility performance would be found if a larger sample size was used.
Nevertheless, fall-related self-efficacy, a psychological factor, is more important than other physiological factors (e.g., paretic leg muscle strength, spasticity) in determining balance/mobility performance and falls. Our findings thus concur with Bandura's theory of self-efficacy, which states that the perceived ability is more predictive of behavior than is actual physical ability [41] . Results from a previous study in stroke also have substantiated this theory. Salbach et al. found that ABC score is a more important determinant of physical function (as measured by SF-36 physical function scale) than other demographic or physiological measures in individuals with stroke [37] .
Given the association between falls and fall-related selfefficacy, one may be tempted to ask which condition (i.e., frequent falls or low fall-related self-efficacy) comes first. This is a cross-sectional correlational study and therefore could not determine causality. Some possible scenarios may explain the association between fall-related self-efficacy and falls. First, an experience of a fall may cause fear of further falls (i.e., fall-fear scenario). In this case, prevention of falls should be a primary goal of intervention. In contrast, fear of falling may cause falls (i.e., fear-fall scenario). Fear of falling may lead to avoidance of physical activities, resulting in further deconditioning. The impaired mobility and balance ability that ensues may in turn increase the risk of falling [42, 43] . Prevention of the development or progression of fear of falling thus becomes very important in this scenario. Alternatively, the association between falls and fear of falling may be explained by the shared risk factors, such as cognitive deficits [9] . A large prospective study in older adults has found that falls at baseline (falls within the past 12 months based on recall) is an independent predictor of fear of falling 20 months later (odds ratio: 1.75). On the other hand, fear of falling at baseline (yes or no) is an independent predictor of falling at 20-month follow-up (odds ratio: 1.79) [37] . Therefore, it is likely that each scenario or combination of scenarios results in a vicious cycle of fear of falling, falls, and functional decline [37] . We postulate that the first scenario is more likely in our subjects, as fall-related self-efficacy, but not balance and mobility performance, is a determinant of falls. However, we could not rule out other possibilities due to the cross-sectional design.
Clinical implications
The results point to several important clinical implications. First, as fall-related self-efficacy can distinguish between fallers and non-fallers, one possible clinical implication is that the ABC scale can be used as part of the initial assessment to identify those with increased fall risk. Second, over half of the subjects have significant deficits in fall-related self-efficacy (i.e., ABC score <80). Falls-related efficacy is also strongly related to balance, mobility, and falls. Therefore, fear of falling should be taken into consideration in assessment and treatment of stroke survivors with compromised bone status. Various intervention approaches have been used to reduce fear of falling or promoting fall-related self-efficacy. Cognitivebehavioral intervention program, which contains group discussion, mutual problem solving, exercise training, assertiveness training, has been shown to be effective in improving fall-related self-efficacy and the perceived ability to manage risk of falls and actual falls among older adults [12] . There is also some evidence to suggest that certain forms of group exercise programs also improve fall-related self-efficacy in the stroke population [44] . In summary, one should not overlook the psychological factors such as fall-related self-efficacy in an effort to reduce incidence of falls and fractures in this specific population.
Limitations
We noted several limitations of the study. First, the subjects are all ambulatory and are mildly or moderately affected by stroke only. The results are, thus, not generalizable to those who are severely affected by stroke (e.g., those who are wheelchair-bound). However, a large proportion (>60%) of stroke survivors are able to regain ambulatory function [45] . Second, this is a cross-sectional analysis which cannot prove causation. We are not certain whether fear of falling causes more falls, or previous experience of falling causes more fear of falling. Third, the data on falls were collected retrospectively. Recall bias (e.g., under-reporting) could be high in stroke patients due to the possible effects of the neurological insult on memory function. Such recall bias may have negatively influenced the results. However, all of our subjects had a MMSE score >22 and should not have any severe impairment in cognition. Nevertheless, based on the significant findings from this study, it would be valuable to conduct a prospective study to track the incidence of falls and changes in fear of falling, balance, mobility, and other relevant outcomes as stroke recovery progresses.
Conclusion
This is the first study to show that fall-related self-efficacy is independently associated with balance, mobility and falls in chronic stroke survivors with low hip BMD. Fall-related self-efficacy could be a useful measure for screening individuals with high risk for fragility fractures. It could also serve as an important clinical outcome in the treatment of chronic stroke survivors with bone loss. Conflicts of interest None.
